Rather that attempt to write a balanced or complete overview of the application of GIS to archaeology (which would inevitably end up being didactic and uncritical) this paper sets out to present a discursive and contentious position with the deliberate aim of stimulating further debate about the future role of GIS within our discipline.
rational human beings to use (a) and (b) in a productive way without extensive training.
There is (and has never been) anything magic about the label that we choose to give to this particular re-combination of components that, in this case, derive from other software areas such as computer-aided mapping, computer-aided design, database management systems and image processing.
In fact, the most extraordinary thing about GIS has been that it has been so successful without it being a significant technological innovation. Most computer scientists have never shown significant interest in GIS and many are openly baffled by the popularity of a technology that appears, to them, to be nothing but a re-application of existing, sometimes even outdated, components. By contrast, archaeologists and geographers have sometimes seemed to reify GIS to the extent that they claim that it has changed their academic disciplines forever.
In a sense, then, GIS has always been 'beyond technology' because they are more important for what they can do than what they are. What they can do, I have argued elsewhere, is give us the freedom to begin to construct an 'archaeology of place' (Wheatley 2000) : a body of theory and method that permits us to explore the meaningful spatial configuration of archaeological remains. 'Meaningful' is the key distinction between an archaeology of place and what Clarke termed 'Spatial Archaeology' (Clarke 1977) because it acknowledges that the spatial organisation of materials depends on the meaningful actions of knowledgeable agents, and that the larger scale patterns that we observe in the archaeological record are the products of the intended and unintended consequences of these human actions (Giddens 1984) .
With this 'mission statement' in mind, it is worth reviewing the applications of GIS to archaeology up to the present time, in order to understand something of the wider relevance of GIS for archaeological theory and practice.
Archaeology and GIS
GIS has, to date, been primarily applied to 'landscape studies' (although for exceptions see e.g. (Huggett 2000 , Miller 1996 , Vullo, Fontana, and Guerreschi 1999 . In the context of GIS this generally refers to archaeological analysis undertaken at a regional or intersite scale 1 as distinct from an intra-site scale (Crumley and Marquardt 1990, Zubrow 1990 ), and these kinds of studies have formed the mainstay of the published applications of GIS for a decade, usually making use of existing, sometimes published, data which has often been collected with other purposes and other analytical methods in mind.
Within this there have also been a number of different methodological approaches developed. These include 'classical' spatial archaeology approaches such as geometric spatial-allocation models, trend surface and site catchment analysis (Vita-Finzi and Higgs 1970) originally introduced to archaeology by the 'new archaeology' (Clarke 1968 , Clarke 1972 , and latterly perpetuated using GIS (see e.g. Church 1996, Savage 1990 for spatial allocation, Kvamme 1990c, Neiman 1997 for trend surface and Stancic 1991, Hunt 1992 for site catchment analyses). These have been rediscovered and re-applied to contemporary archaeological situations, and sometimes 'improved' through the application of increased processing capacities or algorithms. GIS has also permitted further advances in the use of classical statistical approaches to archaeological materials, notably by encouraging the use of one sample significance tests (Kvamme 1990b ) and, more recently, for the application of geostatistical approaches to spatial variables (Ebert 1998, Robinson and Zubrow 1999) Two areas of application stand out, however, as together representing the largest number of published applications of GIS to archaeology. These are predictive modelling and visibility (sometimes 'viewshed') analysis. In a sense, these can be seen to represent entirely different approaches to the application of spatial technology to archaeological problems and, more relevant to this discussion, to have quite different agendas for the development of an archaeology of spaces and/or places.
Inductive, correlative predictive modelling
Inductive, correlative predictive modelling aims to predict the archaeological characteristics of places from their non-archaeological -usually environmentalcharacteristics (Kvamme 1990a) . It is usually undertaken by using the statistical properties of locations in which sites occur to generate a classification rule that determines the archaeological characteristics of locations for which the archaeological properties are not known. A wide variety of specific methods have been used for this, of which Logistic Regression has become the most widespread (Warren 1990 ).
This kind of predictive modelling may be done for two main reasons: (a) to explain the observed spatial distribution of archaeological remains, and hence the behaviour of past communities or (b) to inform archaeological management strategies. Predictive modelling represents, by some way, the largest group of publications in the archaeological GIS literature and its use has generated some of the most heated debate both at conferences and in print. Given this debate surrounding the use of predictive modelling (see e.g. Ebert
2000
, Gaffney and van Leusen 1995 , Kvamme 1997 , Wheatley 1993 , Wheatley 1998 , it may seem unnecessary to persist in development an explicit critique.
Several things, however, argue strongly for the need for further critical debate about the continuing dominance of predictive modelling within the archaeological GIS world. The first reason is that although much has been written about the theoretical issues surrounding explanatory predictive modelling, rather less attention has been directed to the reasons why cultural resource managers should be wary of predictive models. As a direct result of failure to communicate the debate about predictive models, and despite the obvious reservations of many archaeologists the funding for predictive modelling projects in cultural resource management agencies is increasing rapidly, leading to a proliferation of correlative predictive modelling projects that frequently ignore the published concerns of many archaeologists.
The second reason is a personal one, and that is that while I have frequently been seen as a critic of predictive modelling -despite having actually published a case study in its use (Wheatley 1996a ) -I have never systematically outlined my objections to it in print.
Predictive modelling as a form of explanation
Within the GIS community, and in the literature, a great deal of attention has been devoted to the theoretical issues inherent in the use of correlative predictive models as a form of archaeological explanation. This has concentrated on the problems of 'ecological fallacy' or 'environmental determinism'. Although the latter is a highly contested term that should probably now be deprecated (Kvamme 1997) , the central accusations have never been properly answered.
These are, firstly, that to explain the past by asserting the primacy of correlations between behaviour and environmental characteristics is reductionist to the extent that it effectively de-humanises the past. The meaningful human actors that we are seeking to understand are reduced to automata who behave according to a rule that connects their behaviour to their environment. This is not to deny that correlative predictive models may be telling us something about the behaviour of people in the past, but the methodology directs us to a particular very small range of behaviours by systematically excluding anything that cannot be expressed as a statistical correlation between mapped variable and archaeological record. Correlative prediction as a form of explanation therefore purports to explain the spatial configuration of the archaeological record while at the same time constraining that explanation a priori to the kinds of things that a functional-processual school of theory would like to be explanatory.
Secondly, correlative prediction as a form of explanation is profoundly anti-historical. It assumes that the patterns we observe are wholly a product of the immediate surroundings of the individuals and communities responsible for them and can therefore be explained by some link between the two. In reality, the behaviour and activities that structure the spatial patterns in archaeological landscapes are just as much a product of historical as contemporary factors. Spaces may be abstract, geometric and synchronous but places have histories and biographies as well and it is places that are inhabited by meaningful human actors.
A third problem is that correlative prediction ignores the critical theoretical space that lies between past people's behaviours and their physical surroundings. It effectively substitutes a mathematical equation for the meaningful bit of human actions. To many contemporary archeaeologists, the physical environment directly contributes little to the behaviour of individuals whose relationship with the physical world is mitigated through the social world, best understood by concepts such as 'habitus' (Bourdieu 1977) or 'structuration' (Giddens 1984) . Even archaeologists who are not explicitly concerned with social theory recognise that the behaviour of human beings is not simply produced automatically from environmental stimuli. To understand this does not require us to subscribe to some single theoretical notion and a diverse range of theories have actually been invoked to address this, ranging from Gibson's theories of ecological perception (Llobera 1996) through to phenomenology (Tilley 1994 ).
Correlative predictive modelling as a form of explanation has therefore been rejected not only by some 'avant-garde' group of postmodern theorists, but by the majority of archaeologists at work today. As such, the only real defence of the considerable effort that is currently being expended on the development of correlative predictive models is that they have some pragmatic utility for the management of archaeological resources. In other words:
"… because such models are aimed at the effective protection of the cultural (archaeological) heritage rather than its understanding … a different set of rules should apply … essentially sanctioning the ED (environmentally deterministic) approach for practical reasons. In particular, it should be perfectly valid to try to hunt down environmental correlates of settlement location … so long as no simplistic causal 'explanation' is attached to these correlations." Van Leusen, (Gaffney and van Leusen 1995) .
Predictive modelling for resource management
Predictive modelling for solely management reasons is itself a theoretically questionable aim, with many archaeologists from both areas of the discipline finding the idea that it is possible to manage archaeology without understanding it highly problematic (Gaffney and van Leusen 1995) . However, even if we set these concerns aside then the use of correlative predictive models may still be found to be a highly undesirable way to proceed. The main issues might be argued to be that (a) it doesn't actually work very well, (b) the results are rarely used and (c) that if it did work, and the results were used, then it would be likely to be highly detrimental to the recorded archaeological resource.
These claims, obviously, require some enlargement.
It doesn't actually work very well
There are many methodological problems with the most popular statistical procedures for generating predictive models (see (Woodman and Woodward 2002) for an excellent discussion) but the most serious issue is probably that most practitioners make no attempt to find out how well their models actually perform. To do so requires that the predictions of the model be compared with the archaeological resource (or at least an unbiased sample of it) and the only way to do this, of course, is to collect more archaeological data.
This represents something of a 'catch 22' for predictive modelling, because data collection is precisely the activity that most model-builders are usually trying to avoid.
Consequently, instead of finding out how well the model predicts undiscovered archaeology, models are evaluated as to how well they predict their own data, and measures such as 'gain statistics' (Kvamme 1992) The use of these statistics, and attempts to 'pass them off' as performance measures also cannot hide the fact that the gain of most published predictive models is -by any rational estimation -not very good. Regression models typically produce correlation coefficients of 25-30%, or gain statistics around 60-70%. In short, models simply do not perform at a level that is very useful either for explanation or management purposes.
It isn't used
There is little point to developing a model that is not connected to some consequential management action and, in this respect, there are to date very few instances in which development plans or archaeological mitigations have actually been altered on the basis of a statistical prediction of archaeological characteristics. In the case of development control, there is often a need (and sometimes a legal requirement) to look for archaeology on the ground whether the model predicts archaeology or not. This, of course, provides for a strangely biased sample of the archaeological record because we are only looking for archaeological materials where development takes place. It is still probably better than the alternative, which is to actually use the model to decide how we should look for archaeological resources.
It shouldn't be used
If models were actually used -in other words resource management proceeded by (i) generating a predictive model and then (ii) using it to influence where we look for undiscovered archaeology -then we would effectively have created a self-fulfilling sampling strategy. To understand why this is, we need only realise that any model that is based on the known distribution of archaeological sites is actually an embodiment of the visibility, bias and historical accidents that have formed that record. Such a model is therefore predicting the bias in the known record. Using such a model effectively means that we are systematically looking harder for undiscovered sites where we expect to find them (this is shown diagrammatically in Figure 1 ). Some practitioners might argue that it is necessary to look in the places where the model does not predict archaeology as well as where it does, but it remains true that any management outcome that leads archaeologists to look harder or more frequently in those locations where the model predicts archaeology is a self-fulfilling feedback system that will lead to an increasingly unrepresentative archaeological record (Figure 2 ).
In the most extreme case, archaeologists would no longer bother to look for new archaeological sites in those locations where the model predicted zero probability of undiscovered archaeology, effectively creating a model with no potential to revise itself.
A negative conclusion and a positive suggestion
Archaeology should really face up to the possibility that useful, correlative predictive modelling will never work because archaeological landscapes are too complex or, to put it another way, too interesting. It is obviously unrealistic for financial reasons to expect archaeological investigations to be done everywhere, but generating correlative models that do not work and should not be used is not the answer to the dilemma of how to best deploy scarce archaeological effort. This is undeniably a very negative conclusion to reach and it would be reasonable to expect that some more positive suggestions should accompany it: if predictive modelling is of no value in helping us address a real concern within resource management, then what is?
To answer this, we should consider the functional requirement for building a model in archaeological resource management. The reason most often cited for its use is that there are insufficient financial resources to conduct detailed archaeological work everywhere and given this, predictive modelling is an attractive solution. However, it has been argued above that correlative predictive modelling does not actually work very well, and more significantly will lead to an increasingly unrepresentative archaeological record. If resource management requires a methodology that does work, will lead to a more representative record then it follows from this that archaeology would be better served by a focus on well-designed and properly implemented sampling strategies, rather than correlative predictive models.
Visibility studies
Viewshed analysis is starting to become so routine that Aldenderfer has suggested it is now a viable alternative to thinking about the past (Aldenderfer 1996) . It aims to substantively explore the relationships of visibility and intervisibility between particular archaeological locations in the landscape. Contrary to popular belief, this kind of analysis pre-dates GIS by at least two decades, with both formal studies such as Renfrew and
Fraser's work on Orkney (Fraser 1983 , Renfrew 1979 and anecdotal discussions about visual impressiveness or placement of monuments. The widespread availability of digital tools for modelling and quantifying visibility provided significant impetus to this research area providing, for the first time, the ability to calculate indices such as area-of-view and angle-of-view rapidly for many sites. As such, 'viewshed analysis' need not fear the accusation, often levelled at it at conferences and implied in Aldenderfer's remark, that it is a form of technological determinism with no archaeological research agenda.
The formal analysis of visibility presents as many -if not more -methodological obstacles as predictive modelling. These have been discussed elsewhere Wheatley 2001, Wheatley and Gillings 2000) but a non-exhaustive list of significant methodological problems would include issues of reciprocity (Loots 1997) , the quality of DEM data (and it's influence on visibility), the effects of vegetation, the modelling of probable and fuzzy viewsheds (Fisher 1991 , Fisher 1992 , Fisher 1994 , Fisher 1995 , Fisher 1996 and the availability of suitable hardware and software to calculate the desired indices of visibility or 'inherent visibility' (Lake, Woodman, and Mithen 1998) .
The key reason why visibility analysis can be argued to be a significant positive contribution to archaeology is that it is a form of analysis that begins from a model of the field of vision of human actors within a landscape. From this human-scale component, generalisations and quantifications are built and methodologies developed. Of course, computer models are not perfect representations of either human perception or the landscape, and visibility is not the only sense implicated in the human experience: sound, smell, feeling or even taste might also be amenable to substantive analysis (Gillings and Goodrick 1996) , although only sound has so far been significantly investigated (Watson 1999) . But pointing out that visibility analysis is not complete is not the same as arguing that it is inherently defective. Viewshed analyses begin from the human-scale experience of existing in the physical and social world. As such, they contribute to the formulation of substantive approaches to issues as diverse as cognitive perception, culture/nature dichotomy, visualism and sensory primacy, temporality and directionality. This is why viewshed analysis has so effectively resonated with many of the criticisms of unreformed functional-processual spatial archaeology, while at the same time offering a real, substantive alternative to relativist positions such as phenomenology.
There has undoubtedly been work that seems to be aimlessly calculating viewsheds for no obvious reason (other than that there is a button available to do GIS-based visibility analysis). But this area of GIS applications has also produced interesting findings in understanding the patterns of relationships between Neolithic and bronze age monuments in Wessex (Wheatley 1995 , Wheatley 1996b and in Scotland (Fisher et al. 1997) , the locations of petroglyphs (Bradley 1991) , symbolic astronomy MedyckyjScott 1996, Ruggles, Medyckyj-Scot, and Gruffydd 1993) and Helenistic defence systems (Loots, Knackaerts, and Waelkens 1999) .
Visibility analysis, and similar human-centred forms of analysis, need to mount a more vigorous defence of their rationale than have been available to date. Not only can visibility analysis claim to be significantly rooted in recent intellectual debates within archaeology and related disciplines, but it can also point to methodological developments and archaeological results that set it apart as the most promising current area of application for GIS technologies.
Archaeological GIS reconsidered: what is the 'hidden agenda'?
We might learn one significant lesson from this comparison: that disciplinary context is highly significant in the success of failure of a wider methodological project. From this we might therefore argue that if we are to continue developing interesting applications of GIS to archaeology we should take greater account of the professional and intellectual conditions into which it is to be applied.
In simple terms, it has been argued that predictive modelling (in the restricted sense of correlative predictive models of archaeological site location) has not been successful because it is isolated from wider theoretical concerns within the discipline, while visibility analysis, albeit with significant unresolved methodological problems, has shown that it articulates with a wide range of current concerns. This is, it is acknowledged, something of an extreme position and certainly a simplification but it is also one that is necessary for the purposes of debate and in order to try and ensure that it is an archaeological agenda that determines the ways in which archaeological applications of spatial technologies may develop 2 .
That it is apparently not an archaeological agenda that has determined the extent to which effort is expended on different application of spatial technologies led to the conclusion that there was, in some sense, a 'hidden agenda' behind the use of GIS for archaeology (Wheatley 1993) . This terminology carries with it connotations of deliberate activities to 'pervert' archaeology from some 'true path' that were not intended and, as a result, it is necessary to clarify what was meant by the term.
Institutions carry with them a certain intellectual and social momentum that cannot be easily overcome. In the case of archaeology, many of the theoretical ideas that prevailed in the 1960s and 1970s are embodied in the practices, routines and even legislation of our social and professional institutions. This is rarely a real problem, as most ideas remain appropriate and unproblematic and, if they change at a rate at which institutions can keep up with them then our practices and our theories remain broadly synchronised. But in some cases, our ways of thinking about the past change sufficiently quickly that those that are embodied in our institutions rapidly lose their currency, and sometimes ideas that have been rejected by the majority of archaeologists remain on the agenda within universities, archaeological units or government agencies simply because of this institutional momentum. It is in this context that I see the issue of an 'agenda' (hidden or not) for archaeological applications of GIS. I do not claim that there is a sinister group of functional-processual archaeologists meeting in secret to determine how archaeological funding is allocated to different application areas of GIS, but I do think it is possible to see that how routinized practices and institutional issues such as heritage legislation in which spatial archaeology is developing might have an impact on how we determine what are the most productive ways to explore the past.
If we want to take control of the agenda, we need to engage with our institutions and seek to change our practices in such a way as to make them more aware of contemporary ways of thinking. This can be achieved by communicating new ideas more effectively both to fellow practitioners within archaeology, and also to the politicians and civil servants who frame legislation and ultimately determine archaeological practice. This might involve political and practical as well as intellectual action, but if we can overcome this inertia, and take control of our own agenda, it would allow us far greater freedom to develop an archaeology of space that is informed by current theoretical thinking.
This is not to say that we must be committed to some single philosophical school or subscribe to whichever social theorist is currently fashionable -on the contrary, greater theoretical diversity, pluralism and debate would be most welcome -but it does suggest that continuing to plough our energies into developing ever more expensive projects to create inductive, correlative predictive models is not only going to be detrimental to the future representativity of the archaeological record, but stands in direct opposition to this aim.
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